Escherichia coli E-39 ADPglucose synthetase has different activation kinetics from the wild-type allosteric enzyme.
Kinetic and binding studies have shown that Lys39 of Escherichia coli ADPglucose synthetase is involved in binding of the allosteric activator. In order to study structure-function relationships at the activator binding site, this lysine residue was substituted by glutamic acid (Lys39----Glu) by site-directed mutagenesis. The resultant mutant enzyme (E-39) showed activation kinetics different from those of the wild-type enzyme. The level of activation of the E-39 enzyme by the major activators of E. coli ADPglucose synthetase, 2-phosphoglycerate, pyridoxal phosphate, and fructose-1,6-phosphatase was only approximately 2-fold compared to activation of 15- to 28-fold respectively, for the wild-type enzyme. NADPH, an activator of the wild-type enzyme, was unable to activate the mutant enzyme. In addition, the concentrations of the above activators necessary to obtain 50% of the maximal stimulation of enzyme activity (A0.5) were 5-, 9-, and 23-fold higher, respectively, than those for the wild-type enzyme. The E-39 enzyme also had a lower apparent affinity (S0.5) for the substrates ATP and MgCl2 than the wild-type enzyme and the values obtained in the presence or absence of activator were similar. The concentration of inhibitor giving 50% of enzyme activity (I0.5) was also similar for the E-39 enzyme in the presence or absence of activator. These results indicate that the E-39 mutant enzyme is not effectively activated by the major activators of the E. coli ADPglucose synthetase wild-type enzyme, and that this amino acid substitution also prevents the allosteric effect that the activator has on the wild-type enzyme kinetics, either increasing its apparent affinity for the substrates or modulating the enzyme's sensitivity to inhibition.